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ABSTRACT. Photocatalytic treatment of aqueous cyanide was studied using both commercial and home-

made TiO2’s as catalysts. Among the catalysts, TiO2 made from Ti(OC3H7)4 as a precursor showed the highest

activity for the degradation of cyanide exceeding a commercial catalyst of Degussa P25. The difference in

activities of the catalysts was mainly related to the surface properties of the catalysts such as the ratio of acidic

to basic hydroxyl groups. For the catalyst which showed the highest activity, partially reduced TiO2 showed

better activity than calcined one.
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Fig. 1. Activities of various TiO2 catalysts for the conversion
of aqueous cyanide.

Table 1. Physical properties of various TiO2 catalysts

Catalyst BET Surface Area (m2/g) Crystal Structure

Alkoxide 70 Anatase
P25 47 Anatase + Rutile
TiCl 52 Anatase

Aldrich 7 Anatase

Fig. 2. FT-IR spectra of (a) Alkoxide, (b) P25, and (c) TiCl
using pyridine as a probe molecule.
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s4

5 Fig. 5� ?�ÚM..

Fig. 4�� � � �&#, TiO2 &' PQ� RS� 
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34� z_�� ���-.. I+, Fig. 5E	m · P
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  ��� # 9# &'349 'F å�+ 
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�5 � � �M..
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Fig. 4. Activities of TiO2 catalysts as a function of the ratio
of surface density of acidic hydroxyl group to that of basic
hydroxyl group. (α: surface density of acidic hydroxyl group
in OH/100 Å2, β: surface density of basic hydroxyl group in
OH/100 Å2).

Fig. 3. Schematic diagram of hydrated surface of TiO2 where
Ti4+ atoms are bonded with (a) acidic (doubly coordinated) and
(b) basic (singly coordinated) hydroxyl groups.

Table 2. Surface properties of various TiO2 catalysts (α:
surface density of acidic hydroxyl group in OH/100 Å2, β:
surface density of basic hydroxyl group in OH/100 Å2)

Catalyst α β α/β
(α�β)

(α�β)Alkoxide

Alkoxide 5.3 1.8 2.9 1
P25 4.5 1.9 2.4 0.90
TiCl 3.6 2.3 1.6 0.87

Aldrich 6.4 0.66 9.7 0.44



68 �����������

Journal of the Korean Chemical Society

�; &'34� �Ë  ñc� ��� ��G�.. ´

*W{E, TiO2� ]�^_�Q &'PQ# T4�v 

B{E ��  �{�,10 7 
���  &'PQ# T

4�vQ à�= !"#$� ³Í# �#�� ´p>

B5 ��k � �� `-� T�*�5 &<!�  â

9� %5 � �5 B{E ?Þ�-.. Alkoxide &'

� ]�^_�� 12+ Red &'� 34Y @�® º

;��, !"#$� C]ã5 Alkoxide &'� 34K

75%E	m 90%E Ap BC.. #D� 12+ &'�

]��	� XPS (�89E	m �K�-e, à 89

� Table 3� ?�ÚM.. Table 3�� G��  8Ì

�õ�� �[E	m, TiO2; ]�E� "w &'34

# º;�5 � � �M.. #/� 89E	m *��

K !"#$� ³Í# &'34� h5+ 6�35 .

! + ú �K�-..

� �

�� ��� TiO2� ���� � �� �� �  !

"#$� %&' ()*�� �+ 
�� �,+ 89,

anatase 8:�2� ;<, Aldrich��� �=+ /�

TiO2� 34# ;> ?@A B� 6)� Ti(OC3H7)4�

C�DE ���� 12+ TiO2(‘Alkoxide’); ;> F

�+ 345 G-{�, #  �	(� %&' *���

34# F�+ B{E ��< �PW /�&'K Degussa

� TiO2(P25)� 345 L;�  B#M.. #N &'

� *�4 O#  TiO2 PQ� RS�  T4 �T�

0 U�4 �T� V� /�WK 60 XY &'� P

QZ4� 
E �K�-��, &'� BET PQW9 X

Y �_W Z49� }ª� 
s45 ;�e �M..

+¡, ;> F�+ 345 GK Alkoxide &'� 12

9: h [4�\ ]�^_9:5 �=�� 12+

TiO2(‘Red’)� 34Y Alkoxide� 345 L;�-..

7 
�  +F9�SÞ Z:�ø
�(98-05-02-03-

01-3) ��{E �,vM�� #� ��GH�..

� � � �

1. Kim, H.-J.; Lu, L.; Kim, J.-H.; Lee, C.-H.; Hyeon, T.;
Choi, W.; Lee, H.-I. Bull. Korean Chem. Soc. in press.

2. Lee, S. G.; Lee, S.; Lee, H.-I. Appl. Catal. A: General
2001, 207, 173.

3. Lee, S. G.; Kim, J.-H.; Lee, S.; Lee, H.-I. Korean J.
Chem. Eng. in press.

4. Serpone, N.; Borgarello, E.; Pelizzetti, E. In Photoca-
talysis and Environment; Schiavello, M., Ed.; Kluwer
Academic Publishers: Dordrecht, the Netherlands, 1988;
p 499.

5. The Merck Index, 12th Ed.; Budavari, S.; O’Neil, M. J.;
Smith, A.; Heckelman, P. E.; Kinneary, J. F., Eds.; Merck
& Co., Inc.: New Jersey, U.S.A., 1996; p 822.

6. Standard Methods for the Examination of Water and
Wastewater, 18th Ed.; Greenberg, A. E.; Clesceri, L. S.;
Eaton, A. D., Eds.; American Public Health Associa-
tion: Washington, D. C., U.S.A., 1992; p 4.

7. Boehm, H. P.; Knözinger, H. In Catalysis: Science and
Technology; Anderson, J. R.; Boudart, M., Eds.; Springer-
Verlag: Berlin, Germany, 1984; Vol. 4, p 39.

8. Veen, J. A. R.; Veltmaat, F. T. G.; Jonkers, G. J. Chem.
Soc., Chem. Commun. 1985, 1656.

9. Boehm, H. P.; Knözinger, H. In Catalysis: Science and
Technology; Anderson, J. R.; Boudart, M., Eds.; Springer-
Verlag: Berlin, Germany, 1984; Vol. 4, p 171.

10. Boehm, H. P. In Advances in Catalysis; Eley, D. D.;
Pines, H.; Weisz, P. B., Eds.; Academic Press: New York,
U.S.A., 1966; Vol. 16, p 179.

11. Boonstra, A. H.; Mutsaers, C. A. H. A. J. Phys. Chem.
1975, 79, 1694.

Fig. 5. Activities of TiO2 catalysts normalized to Alkoxide as
a function of the ratio of the product of two surface hydroxyl
groups of the catalysts to that of Alkoxide.

Table 3. XPS data of TiO2 catalysts

 Binding energy (eV)
Catalyst

Ti(2p1/2) Ti(2p3/2) O(1s)

Alkoxide 463.1 457.3 529.4
Red 462.7 457.1 529.2


